Recently, there has been an increasing concern about noncommunicable diseases (NCDs), in which oxidative damage plays a role. In this paper, we have re-analyzed the data from the National Health and Nutrition Survey (NHNS) 2007 to study the relationship between an NCD (e.g. hypertension) and the dietary intake of vitamin E, a potent antioxidative vitamin. The inclusion criteria were those aged 40 and over, excluding pregnant or lactating women, and data from 1,405 males and 2,102 females were analyzed. The mean ages were 63.5 and 62.4, respectively. Nutrients intake was evaluated from a semi-weighted, 1-d household dietary record. When the subjects were categorized into tertiles based on their vitamin E intake, higher vitamin E intake was associated with a lower percentage of subjects with hypertension (p for trend50.01). Subjects with higher vitamin E intake had higher energy intake-adjusted intake of other nutrients which have been considered to be related to hypertension such as potassium, magnesium, and vitamin C. Logistic regression analysis was done with the low tertile of vitamin E intake as the reference. The medium and high tertiles of vitamin E intake were associated with a significantly lower odds ratio for hypertension, 0.73 (95% CI; 0.62-0.87) for the former and 0.81 (95% CI; 0.69-0.96) for the latter. Additional analyses, one adjusted for the indices associated with hypertension and one excluding the subjects with vitamin E supplementation, have yielded the similar results. In summary, re-analysis of data from NHNS has revealed that higher vitamin E intake was significantly associated with lower prevalence of hypertension.
Recently, there has been increasing concern about noncommunicable diseases (NCDs), which include such disorders as cardiovascular diseases (CVD), cancers, chronic pulmonary diseases, and diabetes. According to WHO estimates, NCD contributed to 35 million deaths globally in 2008, accounting for 63% of 57 million total deaths. Four common behavioral risk factors for NCDs have been suggested: tobacco use, excessive alcohol consumption, poor diet, and lack of physical activity (1) .
Various diet-related risk factors have been suggested for NCDs including excessive energy intake and unfavorable intake of foods and nutrients such as excessive intake of salt and saturated fats, and insufficient intake of fruits and vegetables and whole grains (2) . Yet, another nutrient is to be considered: anti-oxidative vitamins. Oxidative damage and free radical production in the endothelium are closely involved in the pathogenesis of the atherosclerotic process which leads to CVD (3) . Since vitamin E is a fat-soluble vitamin with potent anti-oxidative activity and one of its main physiological roles is considered to be the inhibition of unsaturated fatty acid oxidation, vitamin E is a promising candidate against the oxidative stress-induced unfavorable consequences (4, 5) . Indeed, in a prospective, nested case-control study of Japanese without diagnosed cardiovascular disease at enrolment, higher baseline serum a-tocopherol level was associated with lower mortality from total stroke and hemorrhagic stroke among women (6) .
The National Health and Nutrition Survey (NHNS) is an annual national survey in Japan. Despite its value as a database which includes a large number of subjects, the data have not been utilized to study the relationship between the nutrient intake and disease susceptibility. Clarifying such a relationship would be of value for maintaining health and primary prevention of lifestyle related diseases. In this study, we have re-analyzed the NHNS 2007 data to study the possible relationship between vitamin E intake and an NCD (e.g. hyperten-sion) in Japanese. The year 2007 was chosen since the questionnaire used in 2007 included more items related to disease than in other years.
MATERIALS AND METHODS
Data source. The NHNS data collected in 2007 were used for analysis with permission from the Ministry of Health, Labour and Welfare, Japan. The NHNS is a crosssectional survey of a nationally representative sample of the noninstitutionalized population of Japan (7) . The survey has three components: physical examination of individuals (anthropometry, blood pressure, blood test, and a questionnaire on current medication, exercise, and number of steps measured by a pedometer); dietary assessment of households and individuals; and a questionnaire on health-related behaviors, habits, and lifestyle factors (smoking status, alcohol intake, sleep duration, and rest sufficiency). The examination protocol and data collection design are completely documented in the NHNS annual reports (7) . Quality assurance in data processing has been described elsewhere (8) .
Subjects. Of the 9,611 subjects enrolled in National Health and Nutrition Survey 2007, those aged 40 y and older, excluding pregnant or lactating women, with available data on the nutrient intake and information regarding the physical examination of individuals and lifestyle factors were the study subjects. The number of subjects was 1,405 males and 2,012 females with the average age of 63.5 and 62.4 y, respectively. Those aged 40 and over were selected for analysis, since NCDs are prevalent in these age groups.
Decision criteria for each disease. Hypertension: For blood pressure measurement, the Korotkoff sound method was employed according to the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2009) (9) . In brief, such measures were taken as 1) avoidance of cold exposure, exercise, and nicotine consumption, 2) adequate arm positioning, 3) unclothing the cuff placement site, 4) comfortable seating and adequate positioning on the upper arm at the level of the right atrium, and 5) relaxing as much as possible. The average values from two measurements were used for systolic and diastolic blood pressure. Diagnosis of hypertension: subjects with their systolic blood pressure equal to or higher than 140 mmHg, diastolic pressure equal to or higher than 90 mmHg according to JSH 2009, or taking a blood pressure-lowering drug were considered to have hypertension. Dyslipidemia: subjects with dyslipidemia were defined as having their triglyceride level equal to or higher than 150 mg/dL, or HDL-cholesterol below 40 mg/dL (10), or receiving cholesterol-lowering drugs.
Diabetes mellitus: In this survey, subjects with HbA1c equal to or higher than 6.1% (JDS), between 5.6% and 6.1% are considered to be "those highly suspected of having diabetes" and "those in whom the possibility of diabetes cannot be ruled out," respectively according to the Diagnostic Criteria of Diabetes Mellitus by the Japan Diabetes Society (11) . Those meeting one of these criteria or receiving anti-diabetic drugs were included in this category.
Lifestyle factors. Alcohol consumption was categorized into two groups: ,20 g/d consumption and 20 g/d consumption. Smoking status was classified into three groups as below. Never smoked: subjects who have never smoked, formerly smoked: subjects who have ever smoked fewer than 100 cigarettes, and smoked less than 6 y, current smoking: subjects who have ever smoked more than 100 cigarettes, and smoked more than 6 y.
Physical activity was assessed by the 1-d daily number of steps record using an AS-200 pedometer (Yamasa Co., Ltd., Tokyo, Japan).
Nutrient intake evaluation. A semi-weighted, 1-d household dietary record with approximate proportions by which family members shared each dish was used (8) . Nutrient intake for each family member was estimated based on the Standard Tables of Food Composition in Japan, Fifth Revised and Enlarged Edition (12) . Further details on the methods used can be found elsewhere (7) . Information on the intake of dietary supplements and fortified foods containing seven artificially added vitamins and minerals (calcium, iron, vitamin E, vitamin B1, vitamin B2, vitamin B6, and vitamin C) was also collected using the 1-d dietary record in the NHNS. The brand names of these products were specified, and the contents of vitamins and minerals (additives) were used for the nutrient intake calculation. Nutrient intake was adjusted for energy intake by the residuals method. Subjects were categorized into tertiles depending on their energy-adjusted vitamin E intake (low, medium, and high).
Statistical analysis. Data are expressed as mean6SD or median (interquartile range) for data with normal distribution and skewed distribution, respectively. The general characteristics of the study population, such as age, 1-d record of daily number of steps, body mass index, anthropometry, blood pressure, blood test, energy intake and nutrient intake adjusted by energy intake were compared across the vitamin E intake groups by one-way analysis of variance (ANOVA) or Kruskal-Wallis with the Bonferroni test as the post test. The differences in alcohol consumption, smoking status, number of subjects taking vitamin E under the adequate intake of DRI, use of vitamin E supplement, and prevalence of hypertension, dyslipidemia, and diabetes mellitus across the vitamin E intake groups were analyzed by the x 2 test in complex sample analysis. The p for trend was used to assess the significance of vitamin E intake on the indices listed above. To determine the association of vitamin E intake with prevalence of hypertension, prevalence of hypertension (yes/no) was entered as dependent variable, and vitamin E intake (low/medium/high) as a covariate for the logistic regression analysis with the forward selection method based on the likelihood ratio before and after adjustment for covariates, which included the continuous variables: age, sex (male/ female), BMI, alcohol consumption (,20 g per day/ more than 20 g per day), smoking status (never smoked/ formerly smoked/currently smoking), daily number of steps, intakes of energy, n-3 fatty acid, saturated fatty acid, dietary salt, dietary fiber, magnesium, potassium, and vitamin C. The lowest tertile group served as the reference category in analysis. All statistical analyses were carried out using SPSS for Windows (version 18.0; SPSS Inc., Tokyo, Japan). Statistical significance was defined as a two-tailed p,0.05 for all analyses. 
RESULTS

Subjects' background profiles
Average energy intake of all subjects was 1,921 kcal/d. The median value of crude vitamin E intake in all subjects was 6.8 (Q1, Q3; 4.9, 9.4) mg/d; intake of male and female subjects was 7.0 (5.0, 9.7) mg/d and 6.6 (4.8, 9.1) mg/d, respectively. In the energy intake-adjusted model, vitamin E intake in all subjects was 6.8 (Q1, Q3; 5.2, 9.0) mg/d, and intake of male and female subjects was 6.4 (4.7, 8.5) mg/d and 7.1 (5.5, 9. 2) mg/d, respectively. Table 1 shows the background data in tertiles of vitamin E intake. The higher tertile of vitamin intake was significantly associated with a higher percentage of female subjects and higher age (both p,0.001; chisquare test for trend).
Higher vitamin E intake was associated with favorable lifestyle factors such as lower percentage of alcohol consumption above 20 g/d and lower percentage of smokers. The 1-d record of daily number of steps was not different among the three tertiles. Table 2 shows data from anthropometric measurements, blood pressure, and laboratory tests. Subjects in the high tertile of vitamin E intake had significantly lower systolic and diastolic blood pressure, and lower serum triglyceride level and higher HDL-cholesterol level than those in the lower tertiles. Higher vitamin E intake was associated with a lower percentage of subjects with hypertension (p for trend50.012) and dyslipidemia (p for trend50.044). Table 3 shows the energy and nutrient intake in the tertiles of vitamin E intake after adjustment for energy intake by the residuals method. Subjects in the higher tertile had significantly higher intake of energy and all nutrients except carbohydrates evaluated here.
Clinical data with regard to vitamin E intake
Energy and nutrient intake in relation to vitamin E intake
Logistic regression analysis for the contributing factors for hypertension
Logistic regression analysis was done with the low tertile of vitamin E intake as the reference. As shown in Table 4 , the medium and high tertiles of vitamin E intake were associated with significantly lower odds ratios for hypertension: 0.73 (95% CI; 0.62-0.87) for the former and 0.81 (95% CI; 0.69-0.96) for the latter in univariate analysis. This association remained significant in the sex-and age-adjusted model also.
As described above, subjects with higher vitamin E intake had higher energy intake-adjusted intake of other nutrients including those which are considered to be preventive for hypertension such as potassium, magnesium, and vitamin C. Then another logistic regression analysis adjusted for these factors was done. The results were basically the same with the odds ratio for hypertension being 0.78 (95% CI; 0.65-0.93) for the medium tertile and 0.82 (95% CI; 0.67-1.00) for the high tertile.
Additional analyses excluding the subjects with vitamin supplementation yielded similar results (data not shown).
DISCUSSION
In this study, we have investigated the possible contribution of vitamin E intake to NCDs in study subjects in NHNS 2007. Systolic and diastolic blood pressure, serum levels of triglyceride and HDL-cholesterol were significantly different in three groups categorized into tertiles depending on their vitamin E intake. In the subsequent analyses, we focused on the relationship between vitamin E and hypertension, since the percentage of subjects with hypertension was significantly associated with tertiles of vitamin E intake. The association of vitamin E intake and hypertension remained significant after excluding those taking vitamin E-fortified foods or vitamin E supplementation. Additionally, multivariate analysis has revealed that higher vitamin E intake was associated with a lower odds ratio for having hypertension.
Recently there has been increasing concern about the involvement of endothelial dysfunction due to oxidative stress in the development of hypertension (13) (14) (15) . One of the underlining mechanisms is impaired endotheldependent vasorelaxation. For example, studies in spontaneous hypertensive rats have shown that reactive oxygen production mediated by NADH/NADPH oxidase is enhanced, which results in nitrogen oxide inactivation and impaired inhibition of vasoconstriction by epineph-rine (16) . This oxidative stress hypothesis, however, still remains unsettled, since data are largely from animal studies (17) .
In previous studies, administration of vitamin E at a daily dose of 200 IU (133 mg) for 27 wk has been reported to result in a significant decrease in systolic blood pressure (18) . Furthermore, the intervention with vitamin E alone or vitamin E in combination with vitamin C to patients with type 2 diabetes was associated with significant decrease in blood pressure (19) . However, studies on the relationship of vitamin E with hypertension have been limited and controversial. No association was observed between circulating a-tocopherol concentration and hypertension in cross-sectional studies (20, 21) . Although these reports are apparently inconsistent with the current results, the reliability of blood a-tocopherol level to represent the vitamin E status has been questioned by some researchers. Illison et al. reported the lack of significant association between vitamin E intake and plasma a-tocopherol concentration (22) . Rodrigo et al. also reported in their intervention study that vitamin E administration was not reflected in the plasma a-tocopherol and it is not an adequate indicator of vitamin E status (23) .
When studying the health consequences of a nutrient which is considered to be beneficial for health promotion, special care must be taken for the possible confounders. In the current study, those with higher vitamin E intake had healthy lifestyles including less alcohol consumption and less smoking. Similar findings have been reported in the cohort study by Rimm et al. on the relationship between vitamin E intake and coronary heart disease (24) . In the current study, those with higher vitamin E intake had significantly higher energy intake-adjusted intake of nutrients which are considered to be preventive for hypertension such as potassium, magnesium, and vitamin C. After adjustment for such confounding variables, higher vitamin E intake was associated with lower risk of hypertension. There still remains the possibility, however, that some additional confounders related to health consciousness have made some contribution.
In a randomized control trial, 142 patients under treatment for hypertension were given vitamin E at a daily dose of 300 mg or a placebo for 12 wk. Decreased blood pressure under freely moving conditions was observed in both the intervention and control groups. Thus the authors concluded that the vitamin E was not to be considered effective in lowering blood pressure (25) . Another study in patients with type 2 diabetes has reported that during the 6-wk intervention period, subjects given a-tocopherol at daily doses of 500 mg exhibited elevated systolic and diastolic blood pressure (26) . These reports being taken together, results from the intervention studies are mostly against the beneficial effects of vitamin E. Various possibilities have been suggested for the negative results from the intervention studies. Selection of study subjects could also affect the results. Administration of vitamin E to those with already advanced and irreversible atherosclerotic changes would be less effective. Whatever the underlying mechanism, the effectiveness of exogenously administered vitamin E does not seem to be proved.
The association of vitamin E with dyslipidemia and atherosclerosis is also of great concern, although vitamin E intake was not associated with dyslipidemia in our study. Vitamin E has been suggested to be involved in such processes as the inhibition of oxidation of LDLcholesterol, the diminishment of vascular endothelial dysfunction through the inhibition of oxidized LDLcholesterol induced vascular endothelial apoptosis, the protection against the impaired vasodilation, the inhibition of proliferation of vascular smooth muscle cell, and the inhibition of oxidized LDL cholesterol-induced NF-kB activation (27) . Thus the main role of vitamin E against atherosclerosis is exerted through its anti-oxidative activity, not by lowering the serum LDL-cholesterol level. The weaker association of vitamin E intake and dyslipidemia compared with hypertension could be accounted for by these considerations.
The present study had several limitations. First, since it is a cross-sectional survey, we cannot argue the causality or the detailed underlying mechanism for the association between vitamin E intake and hypertension such as whether it is related to the anti-oxidant potency of vitamin E.
The second limitation is related to the procedure to measure the blood pressure. Since NHNS is a largescale nation-wide survey, the measurement may not be as strictly regulated as in a hospital. Care is taken, however, to ensure the measurement accuracy as much as possible as described in "Materials and Methods" in accordance with the indication in JSH2009. Thus, data from such measurements are likely to be largely reliable.
The third limitation is that the data relied on the detailed recording of dietary intake consumed within a recent brief time using the food weighting method for a single day in November. Thus, the nutrient and food intake results may not be a fair representation of the habitual dietary intake because of a lack of data regarding day-to-day food intake variations. Within-subjects variation has been reported to be larger than the between-subjects variation (28, 29) , and care should be taken for the interpretation of data from a single-day record. The within-subjects variation/between-subjects variation ratio, however, is reported to be quite high for vitamin A or vitamin B12, but low for vitamin E. Unlike vitamin A or vitamin B12, vitamin E is abundant in a large variety of foods, which could account for the above difference. Thus, the methodological limitation of a single-day record is unlikely to have largely skewed the results.
The strength of this paper is that the data are from randomly sampled NHNS, and would be little affected by selection bias.
In summary, re-analysis of data from the NHNS has revealed that vitamin E intake was associated with lower prevalence of hypertension.
